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Mission Statement
Participates in the preservation and enhancement of the health,

safety, combat effectiveness, and survivability of the soldier.

Conducts life sciences research, development, test, and evalua-

tion in health hazard prevention technologies and aviation med-

icine concerning human tolerance, survivability, and combat crew

effectiveness related to combat vehicles, weapons systems, and

operations. Develops, maintains, and applies minimum bases and

technologies needed to establish human tolerance and exposure re

lationships for fire, noise, vibration, impact, and optical haz-

ards, and, complementing other USAMRDC elements, physiological

and psychological stressors. Develops and validates technologies

for assessment of and protection from these health hazards.

Validates those relationships in order to recommend exposure and

health effects criteria. Assembles and maintains the psychophys-

iologic data base required to define operational envelopes for

crew safety and effectiveness for Army aviation, combat vehicles,

and parachuting. Develops health criteria for associated pro-

tective and life support systems. Conducts an active information

transfer to health policy, combat and materiel developers, test

and evaluation agencies, human factors agencies, and the aviation

medicine community.
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Introduction
The U.S, Army Aeromedical Research Laboratory (USAARL) is a Class
II medical research laboratory of the U.S. Army Medical Research
and Development Command (USAMRDC), Office of The Surgeon General.
USAARL is a tenant organization at the United States Army Aviation
Center, Fort Rucker, Alabama.

The USAARI. was established in 1962 to accomplish research in sup-
port of the Army aviation community and airborne activities and
to provide a central aeromedical research and reference library
for the Army aviation effort. Additional mission areas were add-
ed to the laboratory in 1974. The laboratory's further expanded
mission now includes the assessment of the medical impact of ad-
vanced armor and artillery weapons systems and other nonmedical
materiel.

Being located at the U.S. Army Aviation Center enables laboratory
personnel to follow closely Army aviation developments. The lo-
cation of other aviation research and development activities at
Fort Rucker promotes a team approach to the solution of Army avia-
tion problems.

USAARL's close liaison with aviation research laboratories of the
Army, of other U.S. Armed Forces, government agencies and the
civilian community enhances our research efforts.

USAARL also maintains close coordination with foreign governments
of NATO countries on aviation medicine matters through its involve-
ment with the Advisory Group for Aerospace Research and Development
(AGARD), a NATO organization.

This report gives an overview of USAARL during FY 80, identifies
current areas of research and gives a brief description of the
research programs. The DA Forms 1498 under which this research
work is done are in the Appendix.

This report is prepared to fulfill the requirements of OTS6 Regula-
tion 70-31.
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Management
The U.S. A.rm- Aeromed ical Research Laboratory's general rsrch
ohij ect ivxes rema in the enhancement of indivi dual and comibat crei%,
performance ainc] effic ieoc ,N and prevent ion of in lurv or dleath inl
thle MilIitary operational eni ronment.

INAARI. COntiljoneS to address these, rOsearchI ojjctiveOs throupli
identification, invoqt igation and solving of medical and health
related probl ems.

hei personnel and equipment resources renui red to expand ourl en I-
piability for basic research in the psvchophvsiolooy of vi sun il
no i soe/v 1i brat i on and imlpact hta zards are now esO tabl I Is shed . T h ese
personnel and eqo i pmleot resources s houl1d enablIe us to meet stat -
ed IISANIRMW expectat ionls andi scient if ic requi revients inl the e.

Thie try.\AR. scient ific programs are streamlined, efficient, and
xis i bi oil line with PA, AMIUP , and IiSANIRIiC pr iorities, Sceioen-
t ific risk, is low , hut the ]):I\ Off in) reduced occupat jonal mor-
b)idJ it ' and mnortalI i t Y and inct:rea sed[ so I di or e ff ic i encY ha s b~en

IIS.ARI ,S research and coot ri but ionsl areO rOcog'nized( inlternlt ionl-
a1 Iy hyb thle oernt i olna and aerolred i en I] commolln it ies . IC ele
:nd %,omen at IISA.\lt take, pride that thiir we rk, is pred icat ed Onl
the nleeds- of the soli ci, and that theinl e is ad sol utiens Iror
ViLIL :1e1a V VI evanIt and t ime IV t e theC Operational rineds of sol di ci s

Ilie dial I e e of 1) ,81) caused It'e I 1NT1alZ "00De t to0 1 t ke
a harid and c rit ical look, at all phases of opera tionl. leoriir
i'iilagellieO t oh leet ive was to mrax iri c -, esenr~ rl ithli the I irnit s
of ilncreas iligi e restrained per rseol and i seal] reson ices.

TIhe manpove i suirvey of IA -8 hand i dent i f ied a need for- add it i oal
sc ient if ic an d Vcog in OCIr logQ p)osit ions-. Thes p-0 )OSit ions reS m'!)liTed
vacant thmrough FY hi) bt weore f ilII d in FY S 0. V ill i cmutli
rized scilent ific and engineering, posit ions has increased our
scientific capa ilityv. Tepems anmice and equipment resoilre es re-
qnfi red to expanld our has ic reseaIrch ill time ph~s lology of visuall
noise/vibration, and impact haz-ards aenow available.



IISAARI. had a productivC $688,000 extra-mural contract program
and expanded from 10 to 17 contracts. The benefits of the con-
tract program have been greatly enhanced through the mutual ex-
change of information and ideas between USAARL research person-
nel and academic research personnel performing as contract in-
vest igators.

Customer -funded projects played an important role in our FY 81)
program. These proj ects enabled us to increase our in-house
scientific data bases while at the same time providing direct
scientific input to designers and developers of advanced mil-
itary equipment. We've been able to "participate in the pre-
servation and enhancement of the health, safety, combat effec-
tiveness, and survivability of the soldier" by' participating
in the development of a product often during the concept form-
ulation phase. We believe this "biomedical design criteria"
information is of immense value to the ultimate user of the
product.

Twin menaces of inflation and restrained resources, both finan-
cial and personnel, impacted USAARL during the year. The pro-
blems were not unique to USAARI., nor were the challengcs pre-
sented by these menaces ignored. Programs were evaluated and
often pared to "bare bones" essentials. In-house priorities
were established to meet immediate and often changing circum-
stances. We have gained productive momentum in spite of these
conditions.

We are looking to IY 81 with both anticipation and trepidation.
An increased complement of scientific personnel and our new
laboratory facility exemplify a bright, exciting tomorrow. On
the other hand, restrained resources--scientific and support
personnel and financial--remain a cause of grave concern.

The organizational structure of IISAARL is shown in the accompany-
ing chart. Two research divisions aro supported by two service
divisions and the headquarters group. These support personnel of
the laboratory make an outstandin'P contribution. A brief report
on their contributions will be shown under the management portion
of this report.

The two research divisions' scientific effort is shown under
Scientific Programs and Technical Participation sections of this
report.

10



Support Divisions

Headquarters

The headquarters group, in addition to the Commander, Deputy Com-
mander and Executive Officer, consists of Detachment Commander/Ad-
jutant's Office, Comptroller's Office, and the Scientific Informa-
tion Center.

Office of Detachment Commander/Adjutant
The office of the Detachment Commander/Adjutant provides command
and control functions for all enlisted servicemembers assigned to
USAARL. All military personnel actions (officer and enlisted),
enlisted disciplinary actions, and mandatory subject training were
performed by this office.

This office coordinated all USAARL's adminstrative functions, pro-
vided postal support, protocol services, and aviation and labora-
tory safety support.

Technical editing and writing support, public and command informa-
tion programs, and exhibit coordination were provided through the
Writer-Editor's office.

USAARL's enlisted personnel have for years been housed in renovat-
ed WW II barracks. Ditring FY 80 enlisted personnel were moved to
a new, dedicated wing of an enlisted housing facility belonging to
the U.S. Army Aeromedical Center.

11



Office of the Comptroller

The (omptroller Office, consistiil of Oie sMopeY 1i>orv V J'Y,1,r 'tl
an lyst, oile Iana'gement ass ist;int and tito budget c erks, is re-
sponsible for program/budget, fiscal, manposer/personnel act iv -
ities, as well as management analysis, and centralied sTatistical
data report ing for [JSAAR.. In add it ion, this office has techni
cal superVision of tWo budget clerks assigned to each research
division.

FY 80 saw some unexpected turbulence within the office 1,ith the
retirement of the supervisor' pro, ram anal 'st , the increased wor0 -
load caused by the still Unfilled management assistant position,
and the loss of one division hideet clerk. One IY 81 object ive
will be to obtain a budget analyst to assist in program/budget and
fiscal activities and provide cont inuity of operat ions should the
supervisory position again becore vacant.

The Comptroller Office strives to incorporate data processing ca-
pabilities in records maintenance where feasible. One example is
the RDTF requirement to maintain formal commitment records.

Formal commitment records are mainta ined by use of IIS.AARI.' s in house
computer program. Access terminals are available in all organiza-
tional elements. All fis;cal data is entered to allow access 1y
each project manager, branch chief, division director, the commander
or his immediate staff on a daily basis. Data can be retrieved at
project level or laboratory total as cumulative data by element of
expense, net available balance, iran-hours expended and fixed cost
remaining. Each manager can obtvin a listing of all items for
which funds have been committed be requisition number, nomencla-
ture, dollar value and date ordered. If data is required for only
one element of expense such as equipment, TDY, contract services
or payroll, a listing or printed cony is immediately available.

Data is entered by budget clerks in the Comptroller Office when
funds are certified. Adjustments are made immediately as price
increases, decreases or cancellations occur.

Scientific Information Center

The library, now designated the Scientific information Center, was
tasked in the original mission to "provide a central aeromedical
research and reference library for the Army aviation effort." The
Scientific Information Center iorovides these services and has ex-
panded to include integrating the information center concept into
USAARL operations. Plans have I-een made to broaden collection ca-
pabilities through adding on-line data base system of the Defense
Technical Information Center (!'TIC1 and Dialog.

12



Request for Ii brary material doubled (120 0 to 2400) in FY 80. The
Scientific Information Center added 2000 items to the collection
bringing the total collection to 42,000 items. Library instruc-
tion/orientation classes were held for 21 cooperative education
students and four classes of flight surgeons.

The Scientific Information Center provided resource support to
Southeast Alabama Medical Center, Dothan, Alabama, on an "as can"
bas is.

Two library publications were completed in July 1980,
of Pe-'iodic'aZs in lifravies at Fort Rucker, and ,c<,rn 2 i '.

Research Systems Division
The Research System Division supplies all computer services, data
systems and instrumentation services, mathematical and statistical
consultations, and aviation support for the laboratory.

The helicopter in-flight monitoring system (HIIMS I) was repaired
and refurbished and the HIMS 1I, to replace HIMS I, was designed
and fabricated for use in the JIH-lH. - These projects required
electronic, computer and aviation support.

RSD's series of in-house training seminars upgraded the technical
skills of the electronic technicians and the engineering co-op
students, thereby providing USAARI. with improved technical capa-
bilities.

A major task in FY 80 was the implementation of Phase I of USAARL's
Work Measurement Program, a computerized management tool for task
and time accounting. Research System Division's task data were
computerized as were Human Tolerance and Survivability Division's
clerical personnel task data.

Aviation Support

Research into the medical problems arising from the unique avia-
tion occupation requires the laboratory to go to the flying sol-
dier--pilot or crewmember.

Simulation is a valuable tool but often it is not the answer.
Therefore, USAARL goes to the aviator by performing research in
the aviator's workday environment, the aircraft.

Aircraft are important tools supporting USAARL's research efforts.
We have four aircraft: JU-21G, .JUH-1 , JOH-58, and .7111-IMI. All
four carry the "J" that designates they have been modified for re-
search use.

13
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Being located at the Army Aviation Center one would assume an ex-
cess of aviation support, but to collect needed data reouires air-
craft modirications not found on training or combat aircraft.
These modifications make it possible for us to study advanced sys-
tems and concepts and how they effect the pilot or crewmember.

The JUH-lM is a helicopter modified with an Iroquois Night Fighter
and Night Tracker System (INFPI'T). The INFANT is a low light lev-
el TV system which has been modlified by ISAARL to support the lab-
oratory's electro-optical work on the Integrated Helmet and Dis-
play Sight System (IttADSS) to be used in the Advanced Attack Heli-
copter. Only at USAARL is there the capability of assessing vis-
ual capability with the INIADSS in real operational scenarios at
the High Falls, USAARL's instrumented test range.

The JU-21G is a Beech King Air modified and specially equipped for
sustained high altitude research on advanced and emerging oxygen
generating systems. The oxy'e'n penerating systems have met all
preliminary requirements through altitude chamber testing at the
U.S. Army Aeromedical Center.

During FY 80 modifications on the JUH-lH made it possible to
examine three different generic navigation systems for their ef-
fect on copilot/navigator workload and performance during nap-of-
the-earth (NOE) flight. Similir studies comparing the navigation
performance with the three systems have been performed but no one
has examined the effects on workload that these systems may have.

The use of the helicopter inflight ronitoring system (HIMS)--in-
stalled as a major modification on the aircraft--enabled us to
study the effects upon Arm)' aviators of continued flight with
night vision goggles (NVG). In order to simulate combat condi-
tions pilots may encounter if required to fly all night, pilots
flew continuously 6 hours while wearing the NVC. This type data
collection would not have been pessible without the organizational
aircraft. Safety measures dictate that a cover aircraft (,7011-58)
be available to provide assistance during flight research projects.
In a 2 month period, we flew 10 pilots for a total of 33u flight
hours.

Seven MSC research aviators arp assigned to ISAAPIL. As a result
of emphasis on flight standardization and effective flight train-
ing, all USAARL flight hours since 1963 have been accident free.

Flight hours in FY 80 were:

Research hours 780.3

Training hours 295.7

*Other hours 85.8

1161.8

*Test flight,USAAVNC use, maintenaice ferry flights, etc.

15
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Technical and Logistical Services Division

Technical and Logistical Services Division breaks their support
activities into five sections--scientific arts, laboratory crafts
biomedical maintenance, supply, and property book.

Work orders and supply requests are submitted to T&LS by the divi-
sion or person requesting their support service. The FY 80 break
out of requested services and supplies was:

Scientific Arts 560 Works Orders

Laboratory Crafts 178

Bio-medical Main- 1665
tenance

Supply 2180 Orders

Property book 2197 Orders received

678 Items turned in

The T6LS Division continued to monitor construction of the new
laboratory building, to work on furniture and eauipment needs
for the new laboratory and to plan and implement procedures for
minor construction of the small animal facility.

17



PROGRAM FUNDING FY 78-79-80
(Thousands of Dollars)

FY YEAR 6.1 RESEARCH 6.2 DEVELOPMENT 6.5 MANAGEMENT SUPPORT REIMBURSABLE TOTAL

78 521.1 2434.5 451.9 3408.1

19 125.0 1984.0 450.0 662.1 3821.1

80 421.1 2120.2 110.8 461.8 3119.9

NOTE: FY 79 funds used in FY 80--$474.4



Funding

Customer-Funded Projects

Customer-funded projects are a complementary effort to our estab-
lished scientific research program. However, customer-funded
projects have increased the capability of our core program. The
additional funding has allowed us to increase the level of on-
going work, to acquire equipment and supplies, and to supplement
core funds that could not be supplied by Medical Research and
Development Command. The customer-funded projects gave us flexi-
bility in terms of civilian pay and funding.

Customer-funded projects foster a sharing situation. The
designers and developers buy our expertise in areas where
they normally do not have the scientific manpower to ac-
complish a specific scientific task; for example, vision
related area. We perform the research, accumulate the data,
and provide them a real product in terms of data and letter
reports. We increase our scientific data base as we supply
the information sought by the designers and developers.

There were four FY 80 customer-funded projects for a total of
$467,800. The projects, funding agency, and a brief progress
report are given.

Title Aviator Workload/Performance Assessment in Support of
Support of Advanced Attack Helicopter (AAH)

FUNDED BY: AAH-64 Project Manager, Aviation Research
and Development Command (AVRADCOM)

INVESTIGATOR: C. E. Rash; LT D. Cote

0SjeCtivO To investigate the physiological and psychological
limits of human capability and compatibility with aviator crew
stations, crew tasking and consequent cumulative crew workload,
stress and fatigue in the YAH-64 and provide data which will

19 !
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point out areas of system design hampering mission effec-
tiveness. To organize and assess aviator performance data
with which to determine the navigation performance and pro-
cedures for AAM crewmembers.

Pregress Projected malp display was obtained and installed
in the Jllt-lil instrumented research helicopter with a Dop-
pier navigation system. Several test flights were made oith
the navigation equipment and data collection equipment to
insure proper functioning with adiustmen-,/repairs having Cuen
performed as required. Over one- half the data have ieun coI
lected with data reduction and analysis being purlormed hc-
tween research flights.

Title Health Hlazard Assessment and Implications of Whok --I '
Vibration Associated with Advanced Combat Vehicl iech-
no logy

IINDEID BY: Tank and Automotive Command (TACOUM)

INVI:ST IGA4'0 R: J. C. Johnson; Isaac Behar

OjeCtive A multidisciplinary approach will be used to assess
cthe effect of thole-body, lo,-frequency vibration and noise
peculiar to advanced combat vehicles on human visual, vestib-
ular, hearing, and musculoskeletal systems. Dynamic char-
acteristics of the High Survivability Test Vehicle-Light
(tISTV-L) semisupine seat will be determined by Fourier trans-
form techniques using instrumented human subjects on the
USAARL multiaxis vibration table. Stress and fatigue reac-
tions including neck muscle stress and head coupled vibration
will be assessed by standard biochemical and psychophysie-
logic as well as specialized electromyographic techniques.
Dynamic visual acuity and eye fatigue will be studied under
multiple conditions of target display, head and eye movement,
and frequency phase controlled vibration, contrast, and
luminance. These effects will be correlated in relation to
their relative hazards to acute or chronic injury potential
and influence on crew performdnce, comfort, and efficiency.

PrOgress Instrumentation has been acquired, installed, and
calibrated for determining human response to vibration. The
vibration data acquisition system provides information that
is used to validate or expand the scope of human vibration
models developed for other seating arrangements. A computer
driven imaging system for measurement of dynamic visual acu-
ity (DVA) using a video display is scheduled for delivery
on 15 Sep 80 and data collection will follow. The DVA ses-
tem was designed to have stand-alone capability. A two-chan-
nel audiometer is now on hand to monitor vibration induced
hearing threshold effects which may appear.

2A
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The first in a series of experiment S using human volunteers;
was completed. The experiment demonst rated that sign i fi cant
{+S I)",,) increase in neck muscle stress occurred in the full
supine seat position when the volunteer lifted his head to
isolate it from the vibration of the headrest, lesser in-
creases in neck muscle stress occurred as the seat back
angle approached verticle. The volunteer's head vibration
was greatly reduced at frequencies above 20 H1z where he
lifted his head off the headrest. At lower frequencies the
head vibration was only moderately reduced by lifting the
head.

Title levelopment of Measurement Techniques for the Medi-
cal Assessment of Visually Coupled Systems (VCS)
Components

FUNDED BY: AAH-b4 Project Manager, Aviation Research
and Development Command (AVRADCOM)

INVESTIGATOR: C. F. Rash

Objective It is possible to compromise an aviator's safety,
physiological performance and his ability to fly when design-
ing and fabricating a visually coupled system (VCS). The VCS
hardware must be scrutinized carefully to insure mutual man-
machine conformity. The first phase of this study was con-
cerned with the Helmet Mounted Sight (HMS) component of the VCS.
The laboratory experiment was conducted to determine aiming and
tracking capabilities of aviators using head orientation coupled
trackers. The effects of eye dominance, helmet suspension, hel-
met weighting and target speed on accuracy where investigated.
The second phase focuses on the assessment of helmet mounted
displays (HMD). Factors such as display color, image quality
and size, brightness, contrast and their impact on the visual
system of the crewmember and consequent performance will be in-
vestigated. From these investigations measurement techniques
for the assessment of visually coupled systems will be developed.

Progress The phase II airborne validation of the phase I aiming/
tracking data and quantitative medical assessment of a crew-
members's pilotage and navigation performance using a VCS were
completed. The head tracking data of the study has been analyzed
and the report is now being written for publication. A hardware/
software package for creating a data base to evaluate the con-
trast between symbology and various backgrounds has been written.
The data base will contain spectral characteristics of the differ-
ent backgrounds, phosphors, visors, combiners, blastshield, and
windscreen. Upon completion of the data base and a modeling
program, the VCS will he evaluated as a whole.

Title Combat Vehicle Crewman (CVC) Helmet-Impact and Acoustical
Evaluation

22



FII.NIIA BY: US Army Natick Research and Development
Command (NARADCOJ

INVESTI I U R: R. Camp; T. Ilundley

O1jective The objective is to develop a combat vehicle crewman
(CVC) helmet which provides acoustic and impact protection and
high quality voice communication without hearing damage.

The approach is to: (1) mea sure impulse noise of -ombat vehi-
cles, (2) establish sound attenuation requirements for adequate
protection in C'C environment, (3) establish electro-acoustic
characteristics for equipment to assure compliance with hearing
conservation requirements, (4) investigate ear seal configura-
tion for maximum sound attenuation, (5) evaluate impact hazards
in combat vehicles and specify design criteria, (6) determine
need and design of a suspension and retention system and, (7)
determine qualification test procedures.

ProgrelS Collection of impulse noise data has occurred with the
105mm cannon with the SO caliber machine gun in the M60-M6OA
tanks. Similar data collection on the 81mm and the 4.2in.
mortar has occurred in the M113 armored pernonnel carrier. These
data are currently being analyzed to establish a design require-
ment for sound attenuation for impulse noise. Simultaneously,
real-ear attenuation characteristics and electro-acoustic charac-
teristics have been obtained on existing and proposed hearing
protectors to include the DH 140, Dif 178, 9 AN/7, and the Gentex
P/N 4917-2. The PASGT helmet was utilized as indicated to assess
the combined effect of the hearing protector and the helmet.
USAARL LR 80-9-2-3 pertains to the DIi 140 and a second report in-
volving the balance of the alternate results is in progress.

Contracts
The comprehensive extra mural contract program, begun in FY 79,
has continued to expand and has proved a valuable and produc-
tive asset in FY 80. Contracts carried forward from FY 79 report
give a statement of progress in addition to the objective. Some
contracts were funded and begun late in FY 80 and have only the
objective shown.

Title Spatial-Temporal Resolution of Local and Extended Stimuli
in the Human Visual System

LS



CONTRACT NO: DAMIlI-7, -('-70u, Accession No. 7888
CONTRACTOR:: Texas Tech

Lubbock, Texas

INVESTIGATOR: Perry Speros

Objective The objective is to determine the visual capability
of aircrew at different times during recovery from image in-
tensifier adaptation.

Pr8119 Investigators measured the classical dark adaptation
curves following preadaptation to different durations of the
conditions simulating the AN/PVS-S optical image intensifier.
During the second stage, the experimental design for the pre-
sentation of sine-wave grating was developed. Electronically
generated sine-wave gratings on a high resolution video moni-
tor CRT were the most efficient and versatile method for pre-
senting test targets.

The recovery time to detect sine-wave gratings at five dif-
ferent contrast levels ranging from 10% to 75% contrast was
measured at three average target luminance levels correspond-
ing to three night viewing conditions. Five young adult sub-
jects were used. The recovery time was measured after the
subject was preadapted to three simulated optical image in-
tensifier luminance levels.

The average recovery time over five subiects was linearly
proportional to the log contrast for all frequencies and
luminance levels used.

Additional work included in the extension of this contract is
reported on page 2.

Title Night Vision Performance in Detection and Identifica-
tion of Moving Targets After Glare

CONTRACT NO: DAMD7-,7-(-7(65, Accession No. DAOE) 788-
CONTRACTOR: Optical Sciences Group, Inc, Visual Science

Division, 24 Tiburon Street, San Rafael,
California

INVESTIGATOR: A. J. Adams

Objective This research is needed to identify vision environments
which can be expected to m.,ximize or minimize personnel perfor-
mance at night in continuous military operations. It is vital
to know the degree of impairment of detection produced in air-
craft and equipment operators exposed to environmentally relevant
levels of photostress.

Pfigress Contrast thresholds for detection and resolution were
determined at scotopic light levels for static and moving targets
of different sizes. The sensitivity for detection is highest
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for mov ing targets while the sensit ivity for resolution is
highest for static targets.

Glare recoverv measurements for detection and resolution werc
also performed at scotopic background levels for the same tar-
get parameters used in the thresholds measures without glare.
Glare recovery is linearly related to target contrast for hoth
resolution and detection over the range of contrasts used. The
results indicate that performance on the glare recovery task can-
not he predicted on the hasis of contrast threshold alone. '1he
results also show that one can predict glare recovery for either
detection or resolution of different size targets moving at dif-
ferent velocities on the hasis of a single glare recovery mea-
srement for a specific size and velocity using either detection
or resolution as the criterion.

Contract is completed and a report will be submitted.

Title N i,:tory and Non-auditory Effects of EIxposure to Lot,
irequency Noise

CONTRACT NO: DAMIl7-79-C-9180, Accession No. IDAOG 1825
CONTR..\CTOR: Department of Otolarynogology, Medical

University of South Carolina, 171 Ashley
Ave., Charleston, South Carolina

1V! iSTIGATOR: John ff. Mills

OhjectiVs The determination of the extent and frequency region
of aUuitry temporary threshold shifts in humans from exposure
to low-frequency noise as well as an indication of the role,
if any, of exposure to low-frequency noise to act as a stressor
which will he reflected by elevated cortisol, epinephrine,
norepinephrine, and blood pressure levels.

Progress ,ue to delays in equipment acquisition, data collec-
tion was delayed. Data collection is now in progress and ap-
proximately 86'L complete. A request for extension without fund-
ing has been approved.

Title Research and Development of Cochlear Microphe. ic Response
to Low Frequency Noise

CONTRA('T NO: DANID17-78-C-8067, Accession No. DAOC 7880

CONTRACTOR: University of Florida, Gainesville, Florida

INVESTIAGATOR: Donald Teas

Objective Many military vehicles, particularly those found in
armor, produce high intensity noise which is predominately low
frequency. The objective of this study is to explore the
mechanism of noise induced hearing loss exposure to high
intensity, low frequency noise.
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Title Material Characteristics

CONTRACT NO: DABTO1-79-C-0045-1

CONTRACTOR: Auburn University, Auburn, Alabama

INVESTIGATOR: Warton Jemian

OleCtive Research into the optimum characteristics of materials
for head protection during impact.

PregreSs Draft report received from Auburn University. Contract to be
completed in Oct 1980.

Title Multiaxis Impact Experiment on Volunteers

CONTRACT NO: ARL-MIPR-2-79 (DD 448)
CONTRACTOR: USN Aerospace Medical Research Laboratory

(Mischoud Station), Pensacola, Florida

INVESTIGATOR: Channing Ewing

01IectiVe This Tri-Service project was undertaken to measure
kinematic response of critical anatomical parts of volunteers
undergoing impact.

Proetess The sled support fixture design was completed as a
result of FY 79 funding. Project funding unavailable in FY 80.

Title Mechanisms of Human Injury

CONTRACT NO: ARL-11-79 (DA 2544)
CONTRACTOR: Applied Technology Laboratory, USA Research

and Technology Laboratory, Ft. Eustis,
Virginia

INVESTIGATOR: Albert King; George Singley, III

ShjectIve This work is done to support the Tri-Service human
tolerance investigation. The objective is to determine the
mechanisms of human injury when deceleration occurs in a
crash-worthy crew seat. This subcontract is part of a Tri-
Service supported contract, Human Body Ejection Seat Dynamics,
being conducted at Wayne State University School of Medicine.
Executive agent for the Wayne State study is the USAF Aerospace
Medical Laboratory, Wright Patterson AFB, Ohio.

ProIrISS Seven human surrogate impacts have been completed;
two more impacts are funded. Project continuation in FY 81
is anticipated.
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Title Evaluation of Inner Ears (Chinchillas) for Loss of Sensorv
Cells 11sino a Surface Prenaration Hlistoloiv Techni(oue

CONTRACT NO: DAD17-78-C-8009 , Accession No. I)AOI) -Y88
CONTRACTOR: Syracuse University, Syracuse, New York

INVESTlIGATOR: Roger P. llamernik

Objective To determine extent of damage to the cochlea from
noise exposure. (NOTE: Reported in FY 79 under "Inner Iar
Histology." Title changed to more accurately reflect the
work to be (lone.)

Progress Chinchilla cochlea from animals exposed to continu-
ous noise bands from 31 Hz to 25) 11z have been examined. No
strong correspondence between damage and audiometric hearing
loss has been noted. Chinchilla cochlea from animals exposed
to impulse noise have shown extensive loss of outer hair cells.
This contract has been terminated due to departure of investi-
gator. Another contract has been awarded to the University of
Texas, Dallas, Richardson, Texas for completion of this work.

Title Evaluation of Inner Ears for Loss of Sensory Cells

CONTRACT NO: DAMD-17-80-C-0109
CONTRACTOR: Callier Center for Communication Disorders,

University of Texas, Dallas, Richardson,
Texas 75080

INVESTIGATOR: Roger P. Hamernik

Objective To determine extent of damage to the cochlea from noise
exposure.

Progress None. (New start. Contract transferred from University
of Syracuse.)

Title Effects of Hearing Protectors on Human Auditory Localization

CONTRACT NO: DAMD17-80-C-131, Accession No. DAOG 3438
CONTRACTOR: Florida State University, Tallahassee,

Florida

INVESTIGATOR: L. F. Elfner

Objective Current military weapons such as the M198 VIPER and the
M109 produce blast overpressures which require combinations of
hearing protectors. The contract will develop methods to de-
termine the effects of these protectors on the ability of the
soldiers to localize sounds. The localization of sound is con-
sidered essential to safety and operational effectiveness.
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Results of this study will have direct implications for im-

proved protector design and prov ide a methodology to be used
throughout development of future hearing protective devices
for use around Army weapons.

Progress (New start as of Aug SOl. No progress report.)

Title Blast Trauma : The lffects on Hearing

CONTRACT NO: DAMD17-80-C-0133, Accession No, DAOC 5020
CONTRACTOR: Callier Center for Communication Disorders,

University of Texas, University of Texas,

Dallas, Richardson, Texas 75080

INVESTIGATOR: Roger P. ltamernik

Objective The objective of this study is to extend our basic
knowledge of the nature of injury to the hearing receptors re-
sulting from exposure to impulsive sounds (blast overpressure).
Army weapons systems produce impulse noise which may be hazard-
ous to hearing. Our current data base from which to assess the
hazard is inadequate. The results of this study will contribute
to that data base by providing new information about the nature
of the injury.

Progress None. (Funded late in fiscal year.)

Title Spatial-Temporal Resolution of Local and Extended Stimuli
in the Human Visual System

CONTRACT NO: DAMD17-77-7007,
CONTRACTOR: Texas Tech University School of Medicine,

Lubbock, Texas

INVESTIGATOR: Perry Speros

Objective This research project is aimed at identifying psycho-
physically the sensitivity and spatial characteristics of sus-
tained and transient neural mechanisms under different stimulus
conditions. This work shall add to a continualliy growing data
base concerned with static and dynamic visual capabilities.

Progress Equipment for the project is on order. An electronic
system for generating complex visual stimuli has been designed
and is being built.

Title Study for Vibration Effects on Muscular Performance

CONTRACT NO: DAMD17-80-C-0054, Accession No. DAOG 2S91
CONTRACTOR: University of Miami, Department of Indus-

trial Engineering, Coral Gables, Florida
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INVESTIGATOR: Carl Greco

Objective This research is required to determine the effect of
indirect vibration on fine muscular control, the frequencies
and magnitude of vibration most deterimental to fine muscular
control and the correlation between fatigue induced changes
in electromyographic data and fatigue induced decrement in
fine muscle performance during tracking.

Progress The university has ordered all necessary equipment.
The university has assembled the equipment into a system for
measuring muscular response to vibration stimulus. The in-
vestigators are currently developing appropriate r2cording
instrumentation and performing initial trials with volunteer
subjects to validate the instrumentation. Contract effort
will continue through May 1981.

Title tffect of U.S. Army Headgear on Neck Muscle Loading
and Fatigue

CONTRACT NO: DAMLDI 7-80 - C -0089
CONTRACTOR: Wright State University, Department of

Biomedical Engineering, Dayton, Ohio

INVESTIGATOR: Chandler A. Phillips

Objective Pure isometric exercise is commonly used during pos-
tural adjustments such as the neck muscles holding the head
(and helmet) erect durifLg (1) flying (and tracking) activity,
and (2) driving (and tracking) activity in armored vehicles.
Since helmet design influences the onset and recovery from
isometric cervical (neck) muscle fatigue, the need exists to
objectively quantitate both load on the neck as well as fa-
ti'ue "end-point." The purpose of this experiment is to com-
pare how different helmet designs (PASGT-Infantry, PASGT-Air-
borne, CVC and SPH-4) load the cervical muscles and affect
fatigue and end-point. The maximal voluntary contraction (MVC)
of two different cervical muscles (trapezius and sternocleido-
mastoid) will be measured under isometric conditions. Experi-
ments will then be performed to set the length of time that
prescribed contraction patterns (lateral rotation, dorsiflexion,
and both alternately) must be performed to predict accurately
the endurance times and to set accurately the endurance times
and to set accurately the rest interval between the contraction
patterns so that the muscle is not fatigued during a second (and
subsequent brief) contraction pattern in each series for each
helmet type. Adequate safeguards will be followed to minimize
"training effect" in untrained subjects. The final series of
experiments will be conducted on trained military personnel at
Fort Rucker, Alabama, and the data subsequently analyzed at
Wright State University.
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Progress Necessary equipment has been ordered by the univer-
sity. Ihe university has completed fabrication of an iso-
kenetic dvnamometer and is conducting phase I of the experi-
ment which is training of the six research subjects. The
university is currently negotiating terms of a subcontract
to develop a variable weight and center of gravity helmet for
use in this study. Contract efforts will continue through
May 1981.

Title Helmet Display Optics Redesign for Improved Visual
Compatibility

CONTRACT NO: DAMD17-80-C-0063

CONTRACTOR: Honeywell, Inc., Minneapolis, Minn.

INVESTIGATOR: Dayton Walker

Progress To redesign Integrated Helmet and Display Sighting
System Helmet Display Unit (IHDU) using all glass elements.
The design shall be optimized for P43 phosphor spectral emis-
sion.

Objective Redesign has been completed and glass units pass all
transmission, distortion, contrast transfer function and field-
of-view tests.
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PERSONNEL STRENGTH

CIVILIAN CO-OP
FY178 OFFICER 101 PERM/TEMP. STUDENT TOTAL

AUTHORIZED 30 38 66 0I 0 134

ACTUAL 2*32** 55 5 1 129

FY179

AUTHORIZED 31 46 65 1 0I 142

ACTUAL 29' 40.. 55 8 9 141

FY SO

AUTHORIZED 30 41 59 6 a 142

ACTUAL 24' 42" .. 57 3 9 135

*Includes one Navy officer.
-Includes one Air Force sergeant.
-D.ones not include three 131 commitments who came on board 6 DO 80.
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Personnel

The laboratory's most valuable asset is its personnel. The
professional, technical, and administrative personnel all
possess a high level of skills and abilities. Among the
laboratory's professional personnel, there are 14 doctorate,
17 master, and 25 bachelor degrees.

USAARL continues its support and upgrading of the skills
of all laboratory personnel. Training is a vital element
in maintaining and improving the job proficiency of assign-
ed personnelD Personnel attended classes given by USAARL,
by Fort Rucker Civilian Personnel Office, by equipment
manufacturers, and by formal training institutions. By
taking full advantage of all sources of training in FY 80,
seventy-two people were able to receive training and pro-
fessional development.

Professional conferences, seminars, and associated tutorials
and short courses help scientists stay current in their
specialty. They are an avenue for scientific information
exchange of great importance to the research scientist.
Twenty-seven people benefited from such training experiences
this year.

Military personnel maintained proficiency and currency in
their military specialties as well as their scientific field
by attending military courses. Mandatory training require-
ments were met. In addition to receiving training, two
servicemembers served as skills qualification training (SQT)
instructors for all Fort Rucker personnel in their SQT
area.

During FY 80, three persons reenlisted or extended their
enlistment for a total of 10 years.

A Navy Officer and an Air Force NCO are on assignment to
USAARL to work in areas considered vital to the Navy and
Air Force but not being duplicated in their own laboratories.
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Co-op Program

USAARL's cooperative education program continued to grow in
FY 80. Five more universities placed students at the
laboratory, increasing to 13 the number of universities
with students in our program. We continue to work with
all 29 universities that have cooperative education agree-
ments with Fort Rucker to recruit the best possible talent.

The SAA3L 'o-u i Hcun iook was completed and distributed to
incoming co-op students. The handbook is a concise guide
to the co-op program and to student participation while
at USAARL.

During FY 80, i.e had a total of 25 undergraduate and 7 post-
graduate feilows contributing 11.13 man-years of time to
the laboratory's research efforts. One undergraduate and two
postgraduate students successfully completed their co-op
assignment in FY 80.

An immediate and very tangible benefit the co-op program
has brought to USAARL is the services of a much needed
research librarian. As a co-op graduate student in library
science, our new librarian worked and trained in USAARL's
Scientific Information Center.

Mobilization Designee [MOBDES) Program
The MOBDES program is designed to facilitate rapid expansion
of the US Army Medical Research and Development Command by
preassignment of selected US Army Reserve (USAR) officers.
It is also designed to use the designee's scientific and
administrative capabilities during peace time or non-
mobilization periods to benefit and enhance the USAMRDC
missions. The USAARL MOBDES program, approved in FY 80, has
fifteen designee positions. The USAARL program includes
allied science officers, medical officers, aviators, and a
unique set of combat arms officers.

These combat arms officers provide a dual enhancement to
the USAARL mission in that they bring their combat arms
experience and know-how to the medical research programs
supporting health hazard assessment of materiel systems,
such as prototype armored vehicles and developmental cannon
artillery weapon. They also bring their civilian technical
and professional skills to enhance or supplement the in-house
capability of the lab. As an example, we have an armor officer
designee who is also an architectural engineer. This
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individual was able to participate in armor system related
biomedical research and at the same time provide guidance and
assistance on design and development of research facilties.

A meaningful MOBDLS program is only as good as the training,
challenges, and close relations provided by the supervisory
personnel of the designees. While the designees participate
in the lab during a two week active duty period each year,
frequent contact between designee and supervisor exists
well before the active duty training period. Supervisors
disseminate information on projects and proposals of expected
work to be accomplished, and on the status of the on-going
facets of the designee's commitment to the research program.

Worker Trainee Program
The worker-trainee program received great emphasis at
Fort Rucker in FY80. USAARL has two worker-trainees in
permanent clerical positions and employs "on loan" two
additional worker-trainees.

The work-trainee program is designed to give unskilled
persons an opportunity to develop their potential skills
over three years.' They enter the work force at the GS-1
level and through satisfactory on-the-job and classroom
training improve their skills to meet the requirements
of the next level.

Supervisors are actively involved on a daily basis in
on-the-job training and in developing and implementing
the formal training plan.

The worker-trainee program is a productive effort to
further affirmative action goals.

Affirmative Action

Cooperation between USAARL and Fort Rucker on measures
to further affirmative action goals is evidenced by the
continued growth of the co-op program, participation
in the worker-trainee program, and the use of upward
mobility positions.

USAARL's Federal Women's Program Manager (FWPM) acts as
the laboratroy representative to the Fort Rucker FWP
Committee.
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Personnel Achievements

Civilian Awards No. PreseNted

Outstanding Performance 31

Qual ity Step Increase

Su'stained Superior Performance I

Military Awards

Meritorious Service Medal

Army Commendation Medal S

DA Certificate of Achievement

Master Aviator Wings 2

Senior Aviator Wings I

Air Medal I

Promotions

Officer 7

Enlis ted 28

Civilian 3

Special Recognition

SP4 Gerald Rogen ISAARI. Soldier of the Year

COL S. C. Knapp Award of "A" Professional
Designation

SFC G. Johnson Command and General Staff
College, Commandant's list

Sybil Bullock IISAAVNC Commanders Award
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Scientific Programs
Work continued under the scientific programs established in FY 79.
Constrained FY 80 funding required internal reprogramming and re-
direction of several key research projects. Progress was not halt-
ed, but it was slowed.

The close of FY 80 was the time to look closely at and to evalu-
ate the scientific programs USAARL had been working under for the
past two years. The combining and adjustment of some projects are
evidenced by the termination of four DD Form 1498s, changes in
title of others, and the beginning of five new DD Form 1498s for
FY 81.

On pages 71-77 is a bibliography of publications, presentations,

and reports pertaining to the scientific programs.

The DD Form 1498s terminated at end of FY 80 were:

Research of Electro-Optical Systems and the Human Visual
System, DAOB 6892.

Research of Visual problems Medically Significant to the
Army, DAOB 6891.

Aeromedical and Physiological Research for Aircrew Selec-
tion, Retention, and Bio-Tolerance Standards, DAOB 6895.

Direct Field Support to Immediate Army Aeromedical and
Ground Vehicle Problems, DAOG 0162.

The DD Form 1498s to begin in FY 81 are:

Physiology and Psychophysics of Information Transfer in

the Visual System, DAOG 5999.

Auditory Effects of Blast Overpressure, DAOG S998.

Vibration Hazards of Combat Aircraft and Vehicles,
DAOG 6100.

Parametric, Multimodel Workload Assessment in Simulated
Aircraft Guidance Systems, DAOG 6101.

Anthropometric Criteria for Army Aviators, DAOG 6102.
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Acoustics Program

Background Hligh level impulse noise is a uniquely military proh-
lem. Artillery systems' impulse noise levels are in excess of any
previously studied. Lightweight, high speed combat vehicles gene-
rate high-intensity, low-frequency noise which interferes with
communications and for which hearing protective devices may not
provide needed levels of attenuation. The interaction of vibra-
tion, low-frequency noise, and impulse noise is suspected of pro-
ducing hearing hazards.

OhjeCtiVe The objectives of the acoustics program are: to estab-
lish valid damage risk criteria; to insure the adequate hearing
protection of Army personnel exposed to continuous noise; to as-
sess the sound-attenuating characteristics of passive and active
hearing protective devices; to establish the hearing protective
devices suitability for Army needs; to develop new hearing pro-
tective devices; to determine laboratory and field techniques for
evaluation; and to investigate any associated medical effects on
audiologic performance.

Achievements The effects of 31.5 Hz and 250 Hz octave band
noise of chinchillas' hearing thresholds and any resultant his-
tological injury were studied during FY 80. Also, the role of
peak pressure in the effects of impulse noise on hearing thresh-
old and histological injury was examined. A final report is in
preparation.

Guinea pigs were used as subjects in a study of the role of pig-
mentation in susceptibility to hearing loss. Two exposures to
1.0 kHz octave band noise were completed. Data from this study
is being analyzed for use in a report.

A study was begun to determine the audiogram of miniature swine.
A procedure to train the miniature swine to give an audio[ram
was developed; however, an audiogram was not achieved.

Evaluations of the real ear attenuation characteristics were
completed of the SPH-4 helmet manufactured by Acqua-Aire, of the
IIH-140 helmet, and of several muffs and ear-plugs. Results of
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00 1498s Thi s work was carried onl during HY 80 under two 1493s.
A third 1408 has been initiated for FY 81.

Military Acoustic Hazards, Mechanisms of Hearing Loss, LIAOB

b889.

Medical Assessment of Hearing Protective Devices, l)AOB 088ti.

Auditory Effects of Blast Ovc'rpress ure, l)ArC 5998.
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Visual Physiology
and Psychophysics Program

Backgreund :1 mechanized society demanw ds an e f i c i ent infr!a -

t ion transfer to the human equi pn ent opcrat or. ) t, 1rimar ! .1I
of acquiring information is throun,' the hunian l i I svst I,
ensure efficient information tvansfer in he hihly- ech: 1i .,l
operational military environment, me must have inoumat ion c-n -
cerning the capabilities and li initations of the hnmn vi sna s v
tern and, especially, the impact on visual Crfo,,'r:Inct: O 1 1r i t are
operations, environment, and eq~ui pioen t

Objective This program's oliectj es are. to d ev-lop elhnk to : <
sess visual problems created by the military environment, to es-
tablish the underlying mechanisms of the problems, and to eval-
uate the methods of protection and enhancement of the visual sys-
tem. Another ob-,.iective is to provide information about the ef-
fects of military electro-optional viewing akid display systems on
the human visual sv stenm and to determine optimum display character-
istics to match the capabilities of the visual system.

Achievements A light control film was found to effectively
prevent instrument panel reflections of both the pilot's and
copilot's panel in thwir side transparencies. However, the
pilot still sat, the reflections of the copilot's instrument
paneI. 1 We determi ned that modifications can make the primary
light i no system present 1 y used in Army a i rcra ft compa t ib 1 e Wi t h
the second generation ni ht vision goggle.

We are continuninc ,ork on the development of a laboratory and
field test [procedr to quantify the modulation contrast degra-
tion duC to imace smcar. Previous instrumentation and software
procedures have resulted in a system of low repeatability and
low bandus idth. Xek, tec'iniques for dynamic sampling and an alter-
na3te2 met hod of stinlIns presentation are being dcveloped. Iliis
third generation system will identify the degradation in electro-
optical systems as a result of target/sensor dynamics.

.A mathematical -computer model of the visual system's transient
response to short phtic pulses was dev ised.

'I -
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O0 1498s l wh o i pI o- I ;rw l m a l rikV-kd (tut 1wid t cc
iI I1 1 8 ii I > S . A tI IIlc ,,-I c If t I ' cal y k. l , tJ O "

ac cura t ( 2 i [Icct I Id tk B iIc Ii IonI,

SC c;i ch 1'f I ctr n-I V IiVCi t; y-(a:d 1B 1hlman \i) 11L
Cst1cm, \ l t I-S C1, c r I t in a d

RVs arch of \'i l 3 ' Volc)Q M diCa Ic S i Ii f C;1t to t Ilc'
.\rlw , DA.\ B S, I, t rminated,

Visual and Opt ical Eivaluation of Nontmedical MIatcrial, Da ,ti,
0i8113, t itle ch"MOlc d tr Mil itary Visual fPio l :cms.
1i,1cnt , MQcchani sns and PInMtct ion, BA.Xt (iS :1.

is,
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Sustained Aviation Operations, Crew
Workload, and Stress Program

Dackgreund Comnaniers must have the capability to obiectively
Jiud. e ai rcreI fat i cue if the Army's around-the-clock performance
capab ility requirement is to be met. Helicopter flight at or
below treetop level day and night, self-deplo vability of aviation
assets from CONLIS overseas to combat zones, and night vision sen-
sors and target acquisition systems that extend man's visual capa-
hilities are some of the military developments that may overtax
pilot ,orkload, stress, fatigue, and safety' levels. Aeromedical
data is required to define psychological and physiological capa-
bilities and limits of soldier tolerance to operational stressors,
military harda,'e, advanced tactics, and progressive military
operations.

Objective One ob'jective of this program is to provide to Army
aviat ion informat ion regarding the visual performance of fixed
and rotary wing aviators during varying tactical missions. This
visual performance information emphasizes the objective quanti-
fication and interpretation of these data and their relation to
varial,les such as pilot phys iological states, pilot psychological
states and task loading. Another objective is to assess the bio-
medical parameters which affect aviation peisonnel during sus-
tained military operations. To provide definitive assessment of
medical problems peculiar to the aviation environment and to pre-
pare guide lines for field commanders on the impact of these prob-
lens on the aviation mission are further objectives of this pro-
g ra a il.

Achievements Data collected during extended flight in a simu-
lator is being analyezed. [)ata collection for the study on the
effects of extended use of the night vision goggles on helicopter
pilots is complete.

The computer data base has been expanded to include the effects
of aircraft stability, pilot currency, and pilot experience on
aviator visual performance. Current efforts are directed at ex-
panding the computer base to include multipsychophysical and ex-
ternal stimuli efforts in aircrew visual performance/workload.

4!9



C r1 t i calI pi lot v isiial reqnll iremient S f01' a snlhm in11i JturI Lead 1)-uj
d i s 1 laY concept were i dent ified. 1: i ye articles ierc lLihsIt

in the UIS Army Avia~t ion Digest onl aspects of visua ;efooac

workload. InI repon s e to a request f ronm Thle Sn rgeonl Pen era I, a

pl a n was developed to minimize or eliminate compat ibil itY proP-
lemls between the nlight vision gogglles and certain ailetrop ic av -

aItors. New dark adaptomleters were invest igatcd for ipplicahi lit y

a S a Screen dICV ice and ais a senls i t iv i tv determ iner . One hlundred-
eighteen prelaser exposure eve examiinat ions were done in llmr
of establishing baseline data prior to operational training iith

tactical aviat ion cqiiipleflt.

00U 1498s Work under tl i is program w as pe r formed uinderI the I irt 4,)",

IResearich 1) 1 re,:t ed at B iomed ical P-irameters Af fect ini ; A i rcrt
Workload boring Stistaimed Opera: s , DAOG '1l53.

Visu~al Per for,,;iice Research Related to Opciratioiiallro'es
in Armx' Aviat ion, liAO( (1150.

.\eromed ical Res;earch of Operat ional 1 Sign ificant Problcm>
in the ArmY \vi at ion Env ironmen t, DAOC 0;U151.

Ism.



Impact Physiology in Support of
Crashworthiness and Personal
Armor Development Program

Iackgrevai Today's injury studies indicate that approximately
one out of three fatalities in Army aviation accidents is due
to head and/or neck injury. Research on the mechanisms of head
injury (including concussion) in crown impacts, parietotemporal
impacts, and facial impacts is still needed even though skull
fracture tolerance is fairly well known. The tolerance to im-
pacts from other than forward or vertical directions is still
largely unknown. The military community needs to know the tol-
erance of the body to combined downward, forward, and sideward
impacts as faster ground and flight vehicles are creating a more
severe impact environment. Personal aircrew armor has been con-
ceived that will stop higher velocity and larger mass projectiles
with a minimum increase in weight of the armor. The kinetic en-
ergy found on the rear surface of armor which has defeated a pro-
jectile has the potential, if not attenuated, to cause significant
blunt trauma from the shock wave.

Oblectis An objective of this program is to provide valid, mean-
ingful biomedical criteria for the development of improved injury
criteria for design of equipment for head protection and for per-
sonal armor. Other objectives are to develop the means to assess
helmet protective performance, to develop predictive models of
injury, and to develop injury criteria to be used in the develop-
ment of improved fire protective clothing.

Achisememts The post-crash thermal injury math model contract
was completed and a paper summarizing the work was presented at
the May 80 Aerospace Medical Association Annual Scientific Meet-
ing. Helmet energy-absorbing foams and exterior shells were
evaluated and 90 percent of the evaluations are complete. Based
on Aviation Safety Center and retrieved helmet data, an aviator's
head injury study was done. A paper entitled "U.S. Army Aircrew-
man Head-Neck Injury Experience, 1972-79" was presented at the
Aerospace Medical Association Annual Scientific Meeting in May
1980.



00 1498s Work pert lining to this program was done under one 1498.
Thie t itle (it the 1I9 %, as changed at the end of IY 80 to more ac-
curatellv reflect thle work of thle program.

Research of Bioengincering Problemns MIedically Significant
to 0 Biodynamics of Impact Physiology, M)OD 073S.
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Health Hazard Assessment Program

lackgreued Ioda 's combat en ironment precnt s an array of ever

chang ing he lt h ha ards . oe soph 1st i ca ted and complex equ i pment,

changes in operational doctrine and tactics, and threat nait Ios

C a e oZIII 0f usig uc l r, biological and chemiccal p 0 1 : Iaccadd iit ionalI s tres s on al.,iat iol and comlba t veh icle c rewmncnfl,,'r .

MXa 1' S ai) i ityV to Ce ff ecti V Ce ly p rIfor1-11 and su rV i e VC under- these ad -

ditional stressorS is limited and iust be augmented. The loss ni-

experienced cretmembers is cost lV and reduces combat effect i vene-s.

There fore, the hea Ith hazard assessment program is necessary t,

identify, evaluate, and eliminate the health hazards imposed by t o-
day' s combat env i lronmln t.

Objective The health ha:ard assessment prog ram is planned t ! to

identiv, assess and prevent unnecessary health ha:ard< and per-

sonnel injuries imposed by e, posure to the operational env\ron -

ment, toxic gases, oxygen levels, and chemical and biological

agents; (2) to provide the Army technical information, recommenda-

tions and standards to he used in the development and modification

of systems that provide protection from those hazar ds - to pr-

vide a technological data base co'cerninlo the ph\ iolo,'gical and

biomedical aspects of the evaluation and injury correlation of life

support equipment; (4) to identify hazard protection problems as-

sociated with life support equipment; (S) to provide conceptual

design recommendations and criteria for improvement of lifc sn'pPI tr
equipment.

Achievements The analysis of data on the acceleration/decler-
ation impact hazard assessment of ground combat vehicles and es-

tablishment of impact test criteria and methodology for the Ine,

combat vehicle crewman protective helmet was completed and report-

ed in USAARL I.R-8-8-3-5. A draft test plan for the assessment o'

the medical hazards and operational constraints associated With

the use of NBC protective clothing has been written. Tri-servicc

and tri-nation (US, Canada, IMK) coordination is established.

A report, summarizing helmet damage and resulting injuries, will

provide supporting rationale for proposed requirements for fu-

ture flight helmets. Five case studies were prepared from the
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Medical Aspects of Crew
Selection Program

Background UISAARI, has been int imately involved tit h both the
development changes and the appl icat ions of phys ica I standards -

particularly for Army aviators--for many ycars. NumCrous re-
search projects have been conducted to provide a data base lead-
ing to possible modification or clarification (if existing regu-
lations. In response to requests from outsid agencies (the
Army Acromedical Activity in particular) per-onine l of this lab-
oratory have conducted consultations involving the application
of phy'sical standards. These consultations int luded vision,
cardiovascular, auditor\', pulmonary, psychological, anthropo-
metric and vestibular problems. Although these consultations
were performed informally, a formal request for ass-istance i, a
receice d by the (ffice Of' The Suirgeon genera ii September -
fro1m! tl iVicc Chief of Staff, DA, through 10; C. Caicdv, Act inc
llircctor of c qAiri!)ts aV Vd A1m t 1x 1 at ion Ci -, i and I ,C- 1.
,,.(,( t , i lut I i r(L t o r of M I i i t a rv Ic rsonn el 'I a a! 7 QIt. he
PU I I)0< ' 0 1- t il " i reqvicst wa s to det, 0 ! inic tht. :,lillil'Lmum , dvi i na I
-,atci~ircb~FU retli lO1Iits that mlut he Iosvxsvl appl iKi PIcant
to pilot ai l o r\ v aircraift, oordi n ti !1v tihe \rv Pc-
S<aich liu-titut, at Fort Rucker, this effort Wa plan ned tith
the ; i ;tance of IISA.ARL personnel as directed bh A\M1RD. Thy
I <. i-chI pl n Cons isting of methods, required funding, and m;in -

i ,i prcsinted to appropriate DA staff. IISAARL cont inul,-
om k on certain aspects of tiis problem area.

Objective I lie obi ect i ve of this program is to determine hi o-
! Ii itI cr i teri a or select ion, -otont iOl and hys i cal Staln-
1;1 rd II r i1 talc personilio ii i ch arc re lean t to the opera -

111 1 I i lemclt S of t lie \ltry's ' 5 i S s ion. pec if i c goa I s a I
deter! inc v al iditv o <iected visua Italidards :i-

: I ci to \rf v I i atI l s atI nd -t ci a i l vi C s) o t 11 U iIi tit

J. t M I L' ! I 1-' non)i ' ) t I aJ :111; -\1:V tie an)t l'r p ome t i ic dr i r J f

- i t li c 1a eI v aII d fcmIa I e. lO rfii ill( 1 ic 1 tie a Iat ion lm i i l , I

.l i It t ' d it to lt, 1 1 lIt i oI< i i I aId li c C- S it\ 0 -r i.-
ii , ! i t 11- Io I t II in 1 in a1 v i 01-: ) Crccp1 io n o i \ i Cv 01 2

Iii , !ud I i vo l op ps y'thlnotilo t om p t.l l gic a I tests v ll s I -
V ie , v I o'it in ;on a d r e t emit i oI.

.... ... ...



Achievements St t I .I1 I J ti i I I 1 it1

1, 1 P IL ( I H*L bCd I t I I .I I I I.

AI\~ 1,I C(L ILI t)~\ I IIJ I
I . lA 1 1 1 I I L 1 - T j( : l



Biomedical Aspects of
Vibration Program

Background l.o, mass advanced tracked vehicles operat ing at
hi giher speeds expose restrained crews in unusual seat ing p osi -

t ions to d ircCt coupled vibration. The resultant effects on
the visual, auditory, vestibular and neuromuscular function
are not fully known inasmuch as the exposure factors are unique
to emerging milii tary weapon systems. The vibration program
was initiated in response to a need for preventing vil-ration
related musculoskeletal disorders in Army aviators. Its scope
has been expanded to include the prevention of all vibration
related disease and human ineffectiveness caused by Army
materiel. DOD Scientific and Technical Objectives and Goals
Document, AR 10-5, and AR 602-1 establish the requirements
for this mission.

Objective Vibration affects the body in two ha:ard areas:
health and effectiveness. The general goals of the vibration
program are to define these effects and determine a means to
alleviate detrimental influences of vibration exposure. Spe-
cific goals are to: define the effect of vibration on the
neuromuscular control system; determine the role of vibration
in producing trauma in joints and bone; determine the effect
of vibration on visual acuity and trauma to the eye; determine
the effect of vibration in producing hearing loss; and recommend
standards which limit vibration exposure to non-ha:ardous
levels.

Achievements Initial start-up work conducted under reimburse-
ment from the High Survivability Test Vehicle-Light (HSTV-L)
program was used to validate the concept and need for this
research. The first in a series of experiments using human
volunteers was completed. The experiment demonstrated that
significant (+500%) increases in neck muscle occurred in the
full supine seat position when the volunteer lifted his head
to isolate it from the vibration of the headrest. Lesser
increases in neck muscle stress occurred as the seat back angle
approached vertical. Vibration of the head of the volunteer was
greatly reduced at frequencies above 10 lz where he lifted his
head off the headrest. At lower frequencies the vibration of
the head was only moderately reduced by lifting the head.
Further research will be conducted as part of the in-house effort.

DO 149is This was a customer-funded project.
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Technical Participation

Information Exchange
Participation with the other military services and with inter-
national groups in projects of mutual interest benefits us sci-
entifically and economically. There is no problem with which we
are involved that does not mesh someway with that of another group.

Working with interservice and international groups provides for
the effective interchange and availability of scientific and
technical information needed to support the management and execu-
tion of our research program. Membership in and association with
these groups furthers USAARL's technology exchange.

International

Air Standardization Coordinating Committee IASCC) Working Party 61

The Air Standardization Coordinating Committee (ASCC) Working Party
61 is an international organization of the English speaking nations
which addresses aerospace medicine and life support. Emphasis is
placed on standardization, interoperability and technology exchange.
Member nations include the United States, Canada, United Kingdom,
Australia, and New Zealand. Although the US Army is not an official
member of ASCC at this time, the Army Medical Department has active-
ly participated in and subscribed to the activities and standards of
ASCC Working Party 61.
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The ASCC is comprised of several committees, each oriented to-
ward a different general area of interest. These include:
Altitude Protection, I'scape Iquipment, Biodynamic Stress (in-
cluding noise and vibration) , Anthropometry, Thermal Stress
and Injury, Vision, and NBC Aircrew Protection.

Standardized agreements resultin from Working Party 61 del ih-
erations when ratified are binding upon member nations of
ASCC. A significant number of these agreements directly affect
aeromedical responsibilities toward Army aviation. Since many
of the Advisorv Publications and Air Standards impact upon and
require adherence by Army avio tion, it is necessary for Army
aeromedical personnel to participate in the formulation of
these standards.

AGARD--Aerospace Medical Panel

This panel was established in '.!ay 1952 as one of four panels
of the NATO Advisory Group for Aerospace Research and Develop-
ment. It is concerned with the exchange of information on
aerospace medical research an(' levelopment, the operationaillv-
oriented requirements of clinical aerospace medicine, the
provision of advice in human engineeriny problems, and the
stimulation of new research activities to assist the human
pilot in his performance. Under this panel are subcommittees
concerned with the specific problems of behavioral sciences,
biodynamics, special clinical and physiological problems in
military aviation and special senses.

USAARL has been an active participant with this panel since
1963. Members of the laboratory serv'e on AIIP subcommittees.

German Flight Surgeon Liaison Visit

In August there was a liaison v isit of four weeks by a German
Air Force research flight surgeon. During this period,
through a cooperative effort of TISAARI., the Civil Aeromedical
Institute, and the German flight surgeon, a program of ac-
celeration and impact testing of a ne, Cerman I11i-1 helicopter
seat design was successfully completed. Our German guest
was also briefed on various other aspects of research bein,
conducted at IJSAARI. and arranyements were made for him to
visit selected activities at Fort Rucker. We lope this visit
will begin a succession of exchange visit- betwcen IISAARI
and various research installations in the Federal Republic
of Germany.

00



Test Participation Agreement UK Mask

Therec is i nceasingev'idence that chem ical aInd/or. hi ol o i cal
agent" twill he used Onl thle ilnticr I att tiefield. Amc% ax. i at iOnl
a irc i'et, nembhe rs and g round SnpI Iport peCISonneill must h e eqIped
w ith protect ix'c devices to redutcec the I-i sk of operat iiig inl
the chemical /hioiog ical environment ICB)

iJSAAR1. has eVaIlotltC edvariouIs proposed personnel p rotec tivc
devices for their H omed ical compat ib iiite w ith the aviat ion
env ironment Sin0ce 197(6. Inl ]()V--, IISAAR!. negot iate ii ales t
Part ic ipat ion Agreement (TPA) with thle Ins't itLute for Av iat ion
Medicine, Farnhoroiig~h, Ingland , tioii1l Work np Party' 61 of
tile Al r St anitd ard i: at i 00l COO r'd i nlAt i Ll'I COMM it te c. As a reso It
of thIiis TPA , USAARI. is preparing to c onduct a "Physiological
Assessment of the tUn ited Kingdom I ire re, NBC Protecdtive
C lothiiing Ensembl e ." Tis stud\ h sill inlod IC laboratory tests
of thle visual and acoustical properties of the AR-S resp irator
and flight tests to assess the ent ire cilseahi c's, effect on
pil ot per fo rmance and pilot thermal physiol ogy ( heat stress)
IThe 11K enscahl e wil h e comp11ared wi th the Stanldard tic) NBC
ensembi e and tie Starndard fli ilt SuIit. TheC f ir st pha"ISe o f
the Study in which the t hernial inlsul at ion propert i es of
variLoS ensembl es were to he det eramed Using an inst romen ted
copper mann ikin has been completed hy Pr ,. RalIph GolIdman aIt
ARI FM , Nat ick ILabs, Nat ick , MassachuLstts. In -house abo -
ratory tests on visual and acoust ical propert i es will heg in
in the winter quarter with El ight tests to fol low ill tile
spring and summer of 1981.

Interservice

Tri-Service Life Support Equipment Retrieval Program Analysis

IJSAARi. conducts aI t ri - s xi cc life suppor01t eq u ~i ilment ret r i eva
prog ram wh i ch hrings IS crpasii damaged helmlets , seats , and
fl ight cloth ing for analys is and Study. ilmet s are tile
items most often received from tile Air- Vorce and Na\vy



Army aviation life support equipment involved in either injury
causation or prevention, in the field, are sent to USAARL for
biomedical and injury correlation evaluation. The evaluation
assesses the effectiveness or deficiencies of the life support
equipment through an analysis of the physical condition of
the protective devices, the human injury incurred, and the re-
lated human dynamics involved in the accident.

Data collected through the LSE Program helps identify hazaid
protection problems associated with the equipment. Also,
this data enables us to provide injury reducing design rec-
ommendation and health criteria for the improvement of life
support equipment. The Navy Medical Department maintains a
permanent position for a Navy aerospace physiologist at USAARL
to support this program. The Air Force has contributed a
senior enlisted life support equipment technician to this pro-
gram.

Army/Air Force/Navy Back Injuries

This tri-service program is monitored by the Air Force
Aeromedical Laboratory at Wright-Patterson AFB. The program
was initiated in 1979 with a contract to Wayne State Uni-
versity to expose human surrogates to known multi-axis
acceleration. The test subjects are exposed while seated in:
(a) shock-absorbing pilot seats (UH-60 type), Black Hawk,
and (b) ejection seats of several types. The objective of
these tests is to determine spinal vertebra fracture thresh-
old values under several pulse shapes and vector directions.

Tri-Service and NASA Human Factors
Engineering Technical Advisory Group
Because of the diversity of subject matter covered by the
human factors engineering discipline, the scope of tech-
nic3l areas addressed by tile Technical Advisory Group (TAG)
is necessarily broad. In general, UFE, as defined for
purposes of TAG operation, deals with concepts, data, meth-
odologies, and procedures which are relevant to the devel-
opment, oneration, and maintenaince of hardware and software
systems. Subject matter subsumes all technologies aimed at
understanding and defining the capal-ilities of human opera-
tors and maintainers and insuring the integration of the
human cop. onent into the total systems to enhance systems
effectiveness. Technologies directed toiard improved man-
power utilization through selection, classification, and
training are included as appropriate.
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TAG provides a mechanism for exchange of technical informat ion
in the development and application of HFL: technology, lhii s
group enhances the coord i nat ion among (ove rnment agen i cs
and encourages in-depth technical interaction ationg, subg roups
in selected topical areas. TAG assists as required in the
preparation arid coordination of tri-sert ice- docHnlents such
as Technology Coordinating Papers and lopical Reviews.

Tri-Service Aeromedical Research Panel

The Tri-Service \eromedical Research Panel (IARM) was es-
tablished in 1970 for the purpose of reviewing tile overal 1
joint research programs and submitting recommendat ions to til
appropriate Service headquarters reardin.t resources ihich

'hould he devoted to problems identified rith, or anticipatcd
as heing important to, aviation medicine. he 1) IARP consists
of 12 members which include txo laboraItory representatives
from each service; one Surgeon General representative from
each service; one representative of the US .rmy NLedical and
Development Command; one representative of the Naval Medical
Research and Development ,.ommand; and one representative of
the Headquarters, Air Force Aerospace Medical Division, or
HeadqUarters, Air Force Systems Command. G'I. Stanley C. knapp,
Commander, US Army Aeromedical Research Laboratory, hias been
the chairman of this panel for the past two years.

In 1979, the TARP created the first of several technical
working groups (TWGJ for the purposes of interacting at the
bench level, improving technology exchanges, and torking
toward the development of viable inter-service cooperative
research programs. The first such TW, to be chartered was
the TIVG for Biodynamics: The Human 1I:ffects of Vibration-
Impact and Acceleration. The overall obiective of this T(;
is to provide a coordination process for close and continu-
ing interaction and information exchange at the technical'
scientist level in the indicated areas of research and develop-
ment considered as Technologv Base I0.1, n1.2, 0.3 resea rch
programs ).

Onboard Oxygen Generating System OBOGS]

Man has specific, sell -, fined physiological 1 imits of
exposure to altitide without sopplemental oxygen suppl ies.
Slirese phvsiological I imits are adversely affected by
smoking, lung disease and other psycho-physiological factors.
Based on these limitations, US Arm\ Regulation AR S -I,
"Army Aviat ion: General Provisions and Fl ight Regular ions,"
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reqU I I- Cs that a i r C membe r' aVed i p 1 anned li ght in
kill)iesSur i zed a irc ia ft above I ,O(00 feet mean sea evCl
utilize supplemental oxygen to reduce the prohahiI i tv of
hpox ia. Now I i ssi on scenar ios re u iii ng nap-of - the-earth
(NOL ) in mounta i nous tcrra in, part i cu I arIy at night , till
increase the need for oxygen at even loier altitudes to
prevent performance degradat i on.

Since 1977, early prototype confiigurat ions of onhoard ox%-,Qc:
generat ing systems (OBOCS) us ing pressure swing molecular
sieve technology have been evaluated h) the Naval Air eveIop-
ment Center (NAVAIRDIVCI N) , the \ir Force School of \ero
space Medicine ({USAF-SAM) , and the US Army Aeromedical Research
Laboratory (USAARL) .

More recently USAAR!. has init i ated a study entitled '''hysio-
logical and I'nvironmental Assessment of Molecular Sieve
Aircraft Onboard Oxygen Generating Systems," in which two
state-of-the-art OBOGS units are being evaluated in hypcharic
chambers at ISAF-SAM and USAARL and in the li-l1t and R;21 -G'
aircraft. The first phase of the study involving tests in
the hypobaric chamber at the USAF School of Aerospace
Medicine was completed in the summer of 1980 with the help
of USAF-SAMl staff and Dr. John Ernsting of the Institute of
Aviation Medicine, Farnborough, England.

The flight phase of the study is being conducted using USAARI.
fixed and rotary wing aircraft. Close ties are maintained with
USAF-SAM through a USAF liaison office at USAARL manned by
MSGT Iliott, a specialist in oxygen equipment.
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Consultations
Another area of information exchange results from technical
consultations and visits. These visits represent a two-way
flow of information with USAARL providing and receiving
technical information and assistance regarding research pro-
grams of mutual concern. These interchanges serve as a
means for IJSAARL to give immediate response to problem
areas. This helps in identifying problems and developing
solutions. Some of the subjects personnel came to ISAARL
during FY 80 to discuss were:

Analysis of physical properties of soft contact lens
UII-60A litter kit crashworthiness
Man-machine interface for NVG imagery
Methodology of eye tracking
Vision standards
NVG and subminiative display
AAH-64 coordination
Anthropometric stud),
LDNS-128 engineering
On board oxygen generating systems (OBOGS)
Eye laser protection
Army aviation personnel requirements for sustained
operations

USAARL personnel made trips to other groups to discuss or
provide assistance on:

TSW-7 control tower evaluation
USAARL's areas of research support to the YAH-64
Program Manager
Coordination with USAFSAM on OBOGS and LSE research
Joint conduct of OBOGS altitude chamber evaluation
Vibration research and instrumentation for cadaver
drop test
Anthropometric standards for Army aviators
Review and secure modified scientific equipment (NAC)
Instruct in aviation LSE course at National Guard
Professional Education Center
Review of UKNBC equipment display and discuss
USAARL's UK project
Eye exams on personnel potentially exposed to laser
energy
Joint visual research with Coast Guard
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Personnel from USAARL served as representative or members on
committees or panels such as:

Medical Equipment and Supply Subcommittee Meeting
of Army Aeromedical Concepts Review Committee (AACRC)

Fifth Department of Defense Human Factors Engineering
Technical Advisory Group Meeting

Moderator of paper session, 17th Annual SA.E
Association Symposium

Quarterly Meeting of Aviation Life Support Equipment
Management Steering Council

Tri-nation, tri-service conference on OBOGS

1980 Review of AF Sponsored Basic Research in
Environmental Physiology and Biomechanics

Work in the area of technical consultations and visits is a
vital and ever increasing part of USAARL's mission. During

FY 80 such exchange visits were made on at least 35 different
subjects. Well over 200 visits were logged at division
level. Providing and receiving technical information in areas
of research concern is greatly aided by opportunities to dis-
cuss matters of mutual interest with one's colleagues.
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Academic Participation

Four members of USAARL hold academic positions with univer-
sities, three instruct in the AAMA Flight Surgeon's Course,
and one serves as a manuscript, grant and contract reviewer.

University of Alabama at Birmingham

Adjunct Professor of Health Education Stanley C. Knapp

University ot Southern California

Instructor, Man-Environmental Factors in
Systems Management (1979-1980) Aaron W. Schopper

Instructor, Man-Machine in Systems
Management (1980) Gerald P. Krueger

Instructor, Psychological Factors in
Systems Management (1979) Aaron W. Schopper

Gerald P. Krueger

Louisiana Technical University

Associate Member Graduate Faculty Francis S. Knox,III

Affiliate Assistant Professor of
Biomedical Engineering Francis S. Knox, III

AAUA Flight Surgeon's Coarse

Instructor Aaron W. Schopper
Gerald L. Johnson
Lawrence R. Whitehurst

Isaac Behar serves as manuscript reviewer for Lar, z n, i
',', L',n, and for ,i'z ia I ,earvn m and 7~caoior . lie is grant

reviewerFTor the National Science Foundation and National
Research Council of Canada. Dr. Behar also serves as con-
tract reviewer for the U.S. Army Medical Research and Develop-
ment Command.
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Committees

Committee Affiliation Individual

AEROSPACE MEDICAL ASSOCIATION

Constitution and Bylaws Committee Member COL S. C. Knapp

Scientific Program Committee Member Dr. K. A. Kimball

AIR STANDARDIZATION COORDINATING COMMITTEE
(INTERNATIONAL)

Working Party 61 (Aerospace Medicine Army COL S. C. Knapp
and Life Support Systems) Representative LTC J. K. Crosley

AMERICAN BOARD OF PREVENTIVE MEDICINE
(AEROSPACE MEDICINE)

Professional Examination Committee Member COL S. C. Knapp

AMERICAN NATIONAL STANDARDS INSTITUTE

Z90.1 Helmet Committee Member COL S. C. Knapp

Z90.1 Helmet Subcommittee on Helmet
Durability Chairman COL S. C. Knapp

Z80.1 Opthalmic Lens Committee Member LTC J. K. Crosley

53-62 Working Group on the Effects

of Impulse Noise on Man Member Dr. J. H. Patterson

Working Group on Real-Ear Attenuation

Standards Member Dr. J. H. Patterson

DEPARTMENT OF DEFENSE

Aircrew Station Standardization Member LTC J. K. Crosley
Panel (Tri-Service) Member MAJ F. F. Holly
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Committee Affiliation Individual

Group on Specification Problems and
Standardization Actions on Audio Devices Member Mr. R. T. Camp, Jr.

Helicopter Research Coordinating Panel Chairman Dr. K. A. Kimball
(Tri-Service) Member COL S. C. Knapp

Human Factors Engineering Technical

Advisory Group (Tri-Service) Member Dr. K. A. Kimball

Tri-Service Aeromedical Research Chairman COL S. C. Knapp
Panel (TARP) Member LTC J. K. Crosley

Tri-Service Aerospace Medical Coordina-

tion Technical Working Group Member Mr. J. L. Haley, Jr.

DEPARTMENT OF THE ARMY

Advanced Attack Helicopter Alternate

System Safety Group Member MAJ C. E. Duncan

Aircraft Noise, Working Group

(MIL-STD-8806) Member Mr. R. T. Camp, Jr.

Army Aviation Personnel Requirements
for Sustained Operations, Study
Advisory Group Member Dr. K. A. Kimball

Biomedical Engineering Consultant to
The Surgeon

General COL S. C. Knapp

Helicopter Medical Human Factors
Engineering and Training/Selection
Research Coordination Panel Chairman Dr. K. A. Kimball

US Army Lighting Advisory Committee Member MAJ F. F. Holly

FEDERAL AVIATION ADMINISTRATION

Seat Committee Member COL S. C. Knapp

NATIONAL ACADEMY OF SCIENCES--
National Research Council

Committee on Vision Member LTC J. K. Crosley
Committee on Vision Member Dr. I. Behar
Committee on Vision Member Dr. J. H. Patterson
Committee on Hearing and Bioacoustics Member Mr. R. T. Camp, Jr.
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Cemnittoo Affiliatism Individual

NORTH ATLANTIC TREATY ORGANIZATION--
Advisory Group for Aerospace R&D

Aerospace Medical Panel U.S. Army

Representative COL S. C. Knapp

Biodynamics Subcommittee Member COL S. C. Knapp

Behavorial Sciences Committee, AMP Member Dr. K. A. Kimball

Evaluation of Methods to Assess Work-
load, AMP Working Group 08 Member Dr. K. A. Kimball
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23. (U) To determine biomedical tolerance standards for military environments and re-
quirements and to relate these standards to aircrew selection and retention medical
criteria.

24. (U) The approach will include accepted medical, physiological, neurophysiological,
and audiological quantitative techniques, using both human volunteers and animal models
where appropriate.

25. (U) 7910-8009. During the past year, several protocols have been approved which
deal with cardiopulmonary physiology in Army aviators. The cardiopulmonary laboratory
has been staffed and personnel are undergoing extensive training. Evaluations of in-
direct methods of analyzing blood gases in canines demonstrated inadequacies which
were found to be too great to successfully use the canine as an appropriate model for
the effects of altitude on blood gases. The neurophysiology laboratory was staffed and
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sia and maintenance, singlb neuron recording, photic stimulation and data analysis was
designed and built. An instrument for rapidly evaluating visual contrast sensitivity
in a clinical environment was designed and a prototype constructed. An instrument for
positioning microelectrodes on the retina was designed and its construction is partially
completed. This project is adjusted. Portions of the research initiated on this pro-
ject are continued on 1498 "Physiology and Psychophysics of Information Transfer in the
Visual System".
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23. (U) To provide biomedically pertinent information and solutions to resolve immedi-
ate operational field problems in areas related to the interface of the physical and
life science aspects of aviation and ground vehicles including evaluations of conceptual

proposed and first article equipment and systems.

24. (U) The application of physiological and medical evaluative testing techniques,
prior research data, and user questionnaires to assess, enhance, and validate equipment
and systems proposed to resolve immediate medically related field problems. It will
involve laboratory dynamic impact and acoustic noise attenuation test of helmets, field
assessments of protective clothing, simulated and field investigations of vehicle seat

configurations, flight testing of the medical aspects of rescue equipment and the evalu-
ations of advance aircraft and ground vehicle designs with respect to toxicology, heat-
ing, ventilation, downwash and crashworthiness.

25. (U) 7910-8009. Laboratory dynamic impact evaluation tests were performed on six

production lots of aviator flight helmets. The second series of tests were performed on
a set of pre-production SPH-4's manufactured by a potential second source supplier. The
initial production lot testing for this contract was done under contract at an outside
laboratory. USAARL observed the testing to insure compliance with the military specifi-
cation. In the future all production quality assurance testing will be done under con-
tract. Impact tests were conducted on the prototype ballistic shell for the DH-132 arm-
ored vehicle crewman's helmet and on the IHADSS helmet for the AAH. Project has been

terminated due to change in assignment of principal investigators and support personnel.
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-(....... 1 (U) Retinal Physiology; (U) Visual Psychophysics; (U) Humat
(U) Visual Performance; (U) Visual Adaptation; (U) Visual Neuropharmacology; (U) Animals

23. (U) The primary objective of this research program is to provide quantitative in-

formation on the physiological processes and mechanisms which underly visual perception.
The ultimate goal of this work is to achieve a depth of understanding of visual function.
ing that will allow us to predict visual performance and visual requirements under
many different operational conditions. This should reduce having to perform ad hoc

studies to address each set of conditions Individually. Development and user communi-
ties often inquire about the effect of certain conditions upon the soldier's visual
sensitivity or dark adaptation. A better understanding of these processes will hope-
fully eliminate expensive separate studies. By exploring the functional properties of
retinal and cortical processes which are intimately involved in the transfer and modi-
fication of visual information, a quantitative link may he established between neural
mechanisms and visual performance. This 1498 incorporates portions of DAOB 6891 and
DAOB 6895.

24. (U) Our approach primarily includes single and multiple neuron recording techniques
in animals and evoked potential and psychophysical procedures in human subjects. Re-

sults from animals will be used to construct models of the human visual nervous system
such that deduction may be drawn in studies where human subjects would be inappropriate
due to associated risk (e.g., effects of chemical agents on visual performance). Due to
the complexity of the task, a multidisciplinary approach is required which includes (1)
neurophysiology, neuropharmacology and neuroanatomv, k2) optical physics, optometry and
physiological optics, (3) sensory and engineer psychology, and (4) experimental psycho-
logy.
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23. (U) To define the physiologic effects upon the auditory system of blast overpres-
sure generated by firing Army weapons systems in terms of the physical characteristics
of the pressure wave responsible for injury to the auditory system and potential pro-
tective devices and mechanisms.

24. (U) The approach is three prcnged: 1. Physical measurements to define the nature
of the noise and on which to base hazard assessment. 2. Direct validation of heail,,g
protective devices and development of indirect methods to determine their adequacy. 3.
Basic animal and human studies to develop a data base for more accurate tolerance limits
(damage risk criteria) for impulse noise.

25. (U) None.
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23. (U) To assess the effect of whole-body, low-frequency vibration and noise peculiar
to advanced combat vehicles on the human visual, cardiopulmonary, hearing, and musculo-
skeletal systems. Correlate these effects in relations to their relative hazards tn
acute or chronic injury potential and influence on crew performance, comfort, and effi-
ciency. Develop health criteria reconmmendations for vehicle and subsystem design and
operation.

24. (U) The approach will be multidisciplinary in nature. Dynamic characteristics of
the advanced combat vehicle technology program seat will be determined by Fourier trans-
form techniques using instrumented human subjects on the USAARL muiltiaxis vibration
table. Stress and fatigue reactions including neck muscle stress and fatigue associated
with operation of video displays, target acquisition system, and head coupled vibration
will be assessed by standard hiochemical and psychopliysiologic as well as specialized
electroinyographic techniques. Dynamic visual acuity and eye fatigue will be studied
under multiple conditions of target display, head and eve movement, and frequency phase
controlled vibration, contrast, and luminance. Standard cardiopulmonary measurements
will be made.

25. (U) 7909-8009. Conduct of initial start-uip work tinder reimbursement from the High
Survivability Test Vehicl,,-Light (HSTV-L) program was used to validate the concept and
need for this research. Work done in FY 80 shown under reimbursable protects.
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23. (U) The increasing levels of sophistication employed in the apparatus appearing in
aviator cockpits and the increasing demands placed upon aviators have led to the recog-
nition by both civilian and multinational military organizations (NATO) of the need to
evaluate the workload, fatigue, and stress which is being placed upon aviators. Recent
major literature reviews have yielded mixed results insofar as the existence of reliable
and valid measures of these factors. The objective of this research is to programmati-
cally evaluate existing and newly developed physiological and performance-related mea-
sures and identify those which are: (a) compatible with use during actual flight, (b)
most sensitive to changes in actual workload, and (c) result in least interference with
primary ta:k performance.

24. (U) As an analog to IFR flight, concomitant physiological measures of "uscular.
cardiovascular, thermal electroencephalographic, and eve movement activity will be 6b-
tained while programmed variations in air,'raft control demands are presented to subjects
via video displays and/or flight simulator instrumentation. Subjects will have to in-
teractively respond with simulated aircraft controls (the primary task) to maintain
simulated flight. The controls, themselves, will be programmed to make differing physi-

cal demands upon the operator. Simultaneously with such efforts, the operator will have

the opportunity to respond to a variety of nonflight-related secondary tasks which,
themselves, represent differing levels of perceptual and cognitive loads. In order that
the study appropriately reflect the over-learned nature of actual flight performance,
the studv will be longitudinal in nature and involve a limited number of well-practiced

subjects (3-6).

, 0,S.X.rT. -..... PA'/"

DD, ', .1 498 .............................
.aIres 1498 AND PI E MARE. FR C. ASC /USE/ ARC OSSOL E TE

85



A**RCY a~t PAT~AA a MyN C,, n e"M

RESEARtCH AND TECHNOLOGY WORK UNIT SUNAARY DAOC 6102 80 1001 DD-DR&E AR).S&

ANew U U NA0... . o LWUNT

to N 55/coots Roo.A.. ILEISEA PROJECT RU.19 ASSM^IA9 wn .

6.27.77.A Ff97 A7 B

to. Ima (f -.A -1 *0 1II,. 11

(1I) Anthropometric Crieria for Army Aviators
IN. SCIENTIFIC AND 'AcO Lc. CA SRAS

kqM9an-M P eat nghig s 012900 Phy slov 001300 Aircraft

0P6CS- CI 2 A L I VS IGAOI C.A Il A i-House

... DoCote 0. A.. iLT, 81M.0 C3

23U)rm Theinreaeda concerh anompasisy upnte-saf-oih US Army Aeoeia eerhLasbe
sultd i th ned t revalute he nthopetrccitmericalcte Apiinn AR eac 40D1iocen

ing:'or Class1, er, Ad 32 Figdtyookitdsg rtei RukeIL 36D3142)idct

lneand, praevosy Conuce resarc has inaed'25 tht5eronelsalerthn1h

reevaluate ~ ~ ~ ~~~~~Cte and modfy as aprpitMxsetanhooeriCrtra

thropotric measrmet to) Aiclude* ()Strength and weitiodiMeinwle eotie

from indivheidualse maler and aemwhs saures ae lses thaomn6 incthes oSrm gsreate

daltaead indivinedl wil beelacenarrfodtrie the staopmtccieractedic liea a051cnean-
thropometr1,Ic, criteria.lWing crtri wokill besideterminedi onI the basis ofit interre-

lhatishpawth eirssrivabili conideraions, arraftoeigt and balnc honsid-h
ertionscndil mial guianceeardtdin obesity.1Strent crnitea wil bhe ecmmeded
after, consderatvionsl odbotd raximafrce requiniensd thevlatio ofsone suslertante

phyica (Uiexeriona upnanitves an pSyachery capabilitieormhileoperformindemultin-
elemnt trackingm ctaks usngrcraftircontros adwiht reqir vaaie levseios pyiAl-

forcean int idor lthei l opetion.icrf o eemiete ttc ier n n

25.pmeri (U)eia None.iprawl edeemndo tebsso isitre
latOionip~.IO, wit rOashsriaiiycnieaina.catwih n aac osd

eratnand me ialU guianceS rearin TbeitS Strngt Ac BOEE 0 rieA i wil NOV reomene

after ~ ~ ~ N conidraio of bot ma 0ima AoS ce reqireent and theO evlaio fsutie

phsialexrto uonconiie ndpschsnsrycaabltis hie efomig8uli



I*A"", ACCUMOMF D SUD rpmlf C flSm
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA OB 6889 80 10 01 o1OWEEAR)36

* t ATS SV surey,, Ao5o5 OP SASSAST 1 StiMMASY ACT 505 ECANTCmv *llm*l~* t a o' 5 o9eW5 o .5m t, SStV0 DATA, tLEtE OP F

79 10 01 0. Change U U NA NL C3 0;A.o" W Wt.
;~ ~ ~ ~~~" 7 -- 77 -c ........._ %;1]nRinc .2 ..ow WO/Coolts: PROGRAM. ELEMENT PROJECT MUEU ASK A S MGMlif SU..,wl Ut."

kI 1
r

_11_WA IF.] 61 1 ORqn7 O0r 026

(I' M~t~yAtn~ .c4azar Mechanisms of Haig1n.
U. SClCSVIC AD YSCUtOUCAL e~i000200 Acoustics; 012400 Personnel Selection and Maintenance

ilr. I(rAIZ9 1(1 I- l i t ISIMHAIGO tOMPLE.I< GAT1t I l UG IAI. .04- 91 A.c .91-OWIIIIITI0
a S CONT DA I IC C P In-ouse

1, Nut,:, FISCAL 80 3.9 241
.8. A AMOUN. I: a.. MA E

KOO ,. f. CUM. AMT. Al19 4a".. .... 490MUL 0& WAIAL S ..... ............. I
MARK: US Army Aeromedical Research Laboratory - US Army Aeromedical Research Lab

Sensory Research Division
A""Fort Rucker, Al 36362 AO,.M Fort Rucker, Al 36362

p11TC lPA SI. 1TI* I. t*5A Ml1T IIF- M AP 1 IV --

10nPOWNSLRIM.ML ."EA: Patterson, James H., Ph.D.
.- C. Knapp, Stanley C., b0OL, CDR I"LE'%ORCL (205) 255-4408
vSLF..... (205) 255-5107 c"- sc...I Cu...... St.

Mozo, Ben T.
Foem Itli~ence ConsidredASS
Wffi" &"W€ 1&%* -- C 5 E (U) Acoustics; (U)Personnel Selection and Maintenance (med-

ical): (U)Industrial (occuoational) Medicine: (U)Aircrafts: (U)Combat Vehicles.(U)AnIr.:al
E& ACA O AL OlJECTIVt.0 24 APPMAC. S& OA1I inI wA I i IFllhMN4 -Fr U, UNs .i fi l " A _AI~ CI..1.-IE.A C-,,

23. (U) To establish valid damage risk criteria to insure the adequate hearing protec-

tion of Army personnel exposed to continuous noise.

24. (U) Behavioral, histological, and electrophysiological procedures are used with
animal models and audiometric and psychophysical procedures are used with human subjects.

25. (U) 7910-8009. During FY 80 three major studies using chinchillas were undertaken.
These were the effects of 31.5 Hz octave band noise on hearing thresholds and histologi-
cal injury, effects of 250 Hz octave band noise on hearing threshold and histological in-
jury, a study of the role of peak pressure in the effects of impulse noise on hearing
threshold and histological injury. Data analysis and report preparation are in progress.
A study of the role of pigmentation in susceptibility to hearing loss was initiated using
guinea pigs as subjects. Two exposures to 1.0 KHz octave band noise were completed.
Data analysis and report preparation are in progress. A study to develop a method for
determining the audiogram of the miniature swine was initiated. A training procedure
was developed, however, a final procedure to produce an audiogram was not achieved.
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23. (U) This research assesses the sound-attenuating characteristics of passive and
active hearing protective devices, establishes their suitability to meet the needs of
the Army, develops new hearing protective devices, determines laboratory and field

techniques for evaluation, and investigates any associated medical affects on audiologic
performance.

24. (U) Methods utilized for the determination of the sound attenuation characteristics
of hearing protective devices will be ANSI Z22.24-1957 and ASA STD 1-1975. Objective
laboratory and field electroacoustic methods will also be used.

25. (U) 7910-8009. The evaluation of the real ear attenuation characteristics of the

SPH 4 manufactured by Aqua-Aire was completed. USAARL Report No. 80-6 "Attenuation
Variation Obtained with Training When Utilizing an In-the-Ear Hearing Protective Device"
was completed. USAARL Letter Report No. 80-9-2-3 "Real Ear Attenuation Characteristics
of the DH-140 Helmet" was completed. Report is in progress on assessment of the real-
ear attenuation and electroacoustic characteristics of three hearing protectors. These

devices have potential use with artillery systems. Several muffs and ear-plugs were
evaluated to determine potential for use in the Army enviornment. Development of a
method to measure the sound attenuation characteristics of circumaural hearing protectors

by physical method continues.
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2 3. (U) The technical objectives are to develop methods for assessing potential visual
problems created by military operational enviornments, to establish the underlying mech-
anisms of these visual problems, and to evaluate methods for protecting and enhancing vi!
ual performance. The data provided will impact: (a) crew selection and retention stand-
ards; (b) optimal visual performance criteria; (c)observer-display compatibility; (d) as-
sessment of medical and non-medical material; (e) environmental factors including pharma-
cological; and (f) functional and organic visual problems.

24. (U) The approach will include physical optics techniques of photometry, radiometry,[
and colorimetry; optics lab testing of distortion, prismatic deviation, power, transmit-
tance, haze, neutrality, and resolution; psychophysical studies using human and animal
observers; and neurophysiological studies using gross potential and single-cell recordinE
25. (U) 7910-8009. Light control film was found effective in: (a) preventing the copilot
from seeing reflections of his own instruments in his own side transparencies; and (b)
preventing the pilot from seeing reflections of his own instrument panel in his own side
transparencies. However, the film did not prevent the pilot from seeing reflections of
the copilot's instrument panel. The work with the night vision goggle compatible light-
ing system demonstrated that the primary lighting system presently used in Army aircraft
can, with modifications, be made compatible with the second generation night vision gog-
gles. Needed modifications include: (1) the substitution of higher quality rheostats in
the primary lighting controls; (2) the addition of a switch box to set the intensity of
the warning, caution, and advisory lights at a daytime, nighttime naked eye, or nighttim
night vision goggle level; (3) the addition of a balancing resistor to the alti-tude indi-
cator; and (4) the use of a specially developed black paint in the cockpit to reduce re-
flections. Portions of the research from DAOB 6892, Research of Electro-Optical Systems
and the Human Visual System, will be combined with and continued under this 1498.
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23. (U) Little is known about the medical problems which extended operations have on
helicopter aircrews. The objective of this project is to assess the biomedical para-
meters which affect aviation personnel during sustained military operations. The over-
all results of the research will provide a baseline criteria for: (a) physiologic mea-
sures of workload, stress and fatigue; (b) the effect of workload, stress, and fatigue
on extended performance; (c) Army aviation personnel requirements for sustained opera-
tions; and (d) the fatigue and stress effects caused by special operational equipment
such as night vision goggles or helmet mounted sight systems.

24. (U) The approach will involve the utilization of in-flight and simulator monitoring
and recording systems capable of sampling and recording continuous analog and digital
information in experiments designed to measure pilot performance and aircraft response.
These recording systems and statistical techniques will be utilized to quantify and pre-
dict aviator performance levels and subsequent man-system efficiency as a function of
extended military operations.

25. (U) 7910-8009. During FY 80 data processing on the extended flight in the simulatol
study was started and is still in progress. Elements of the projects are in various
stages of progressing and/or analysis. A proposed project entitle "The Effects of Ex-
tended Use of the AN/PVS-5 Night Vision Goggles on Helicopter Pilots" was accepted and
completed through the data collection phase.
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23. (U) Visual perception to Army aircrews is critical for pilotage, navigation, and
weapon utilization to fulfill various tactical requirements. The objective of this pro-
ject is to provide US Army aviation information regarding the visual performance of fix-
ed and rotary wing aviators during varying tactical missions. Special emphasis will be
placed on the objective quantification and interpretation of these data and their rela-
tion to variables such as pilot physiological and psychological states and task loading.

24. (U) The approach will involve the utilization of an oculomotor monitoring and re-
cording device for visual data collection during flight. Areas or research to be ad-
dressed will include: aviator visual performance during conditions of VFR, IFR, night,
and nap-of-the-earth flights; day and night navigation; scout helicopter operations, and
varying aircraft comparisons. Measurements of dwell times, scan rates, fixations, and
zones of workload will be analyzed to provide visual performance criteria and models.
Additionally, data collection equipment and techniques are being designed to provide the
ability to record visual data under night flight conditions and data analyses project.

25. (U) 7910-8009. Progress has been demonstrated by 5 progress summaries published
in the US Army Aviation Digest. The computer base has been expanded to include the ef-
fects on aviation visual performance by aircraft stability, pilot currency, and pilot
experience factors. Data from the computer base have been utilized to identify critical
pilot visual requirements for a subminiature heads-up display concept. Current efforts
are directed at expanding the computer base to include multipsychophysical and external
stimuli efforts in aircrew visual performance/workload.
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23. (U) The objective of this project is to provide a definitive assessment of medical
problems peculiar to the aviation environment and prepare guidelines for field comman-
ders on the impact of these problems on the aviation mission. The results of such re-
search will aid in development of improved standards and biomedical techniques for the

field flight surgeon to use in monitoring and treating aviator stress and fatigue as
well as the medical standards for selection of aviators and air traffic controllers for
specific assignments.

24. (U) A multidisciplinary approach, utilizing physiological measuring techniques,

flight surgeon assessments, as well as aircraft comparisons, will provide the method to
analyze aviator performance in the operational environment. Parameters to be measured
will include heart rate, respiration, biochemical stress indices, and in-flight per-

formance measurements.

25. (U) 7910-8009. Progress has been demonstrated by responding to a request from The
Surgeon General to develop a plan to minimize or eliminate compatibility problems be-
tween the night vision Koggles (AN/PVS-5) and certain ametropic aviators; coordinating

IHADSS helmet research on visor optics and transmissivity, bump protection, and acousticl
protection; investigatiiig new dark adaptometers for applicability both as a screen devic
and sensitivity dcterminer; performance of 118 prelaser exposure eye examinations.
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23. (U) To provide valid, meaningful biomedical criteria for the development of improv-
ed design and equipment for head protection and means to assess helmet protective per-
formance. Current helmet impact design and test methodologies are based on criteria
developed 25 years ago. Epidemiological studies combined with impact anal\ses have
shown that improved, lighter weight helmets can only be produced as new biomedical cri-
teria are developed through the biomechanical evaluation of helmets. Through the improv-
ed medical protective impact performance of crew helmets preventable injuries can be
minimized; thus, saving manpower and manhours that might be lost as a result of unnec-
essary injury.
24. (U) The approach will be based on sound and accepted experiment bioengineering
methodologies including mathematical modeling, pathophysiologic techniques, biomechanics,
structural engineering, and physics.
25. (U) 7909-8009. This work unit supports the Army's designated responsibility for
direct head impact work for all three services. Charged to establish a biologically
valid helmet impact test methodology. A major effort has begun to improve head pro-
tection in military aircraft accidents because 1 out of 3 aircraft crash fatalities is
a result of head and/or neck trauma. In FY 80, the following tasks were completed: tie
thermal math model contract was completed and a paper summarizing the work was presented
at the May 80 Aerospace Medical Association Annual Scientific Meeting; Evaluations of
helmet energy-absorbing foams and exterior shells continued and is 901, complete; an
aviators head injury study was completed based on Safety Center and retrieved helmet
data; and a draft USAARL report was completed summarizing the lessons learned from
retrieved crash-damaged helmets. A paper entitled, "US Army Aircrewman Head-Neck Iniury
Experience, 1972-79" was presented at the Aerospace Medical Association Annual Scien-
tific Meeting in May 1980. This 1498 submission represents a change in project title
for alignment of this project with USAARL FY 81 Research Program.
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23. (U) Conduct applied medical research to identify, assess and prevent unnecessary
health hazards and personnel injuries imposed by exposure to the operational environment
toxic gasses, oxygen levels, chemical and biological agents, and to provide the Army
technical information, recommendations and standards to be used in the development and
modification of systems that provide protection from those hazards.

24. (U) The approach involves the application of physiological and biomedical applied
research methods utilizing physical examinations, x-rays, and biochemical analysis tech-
niques to isolate the hazards involved and determine required protective measures.

These techniques will be applied to the establishment of biomedical requirements of en-
vironmental control systems and oxygen generating systems, life support survival equip-
ment and aeromedical evacuation and rescue equipment.

25. (U) 7910-8009. Analysis of data on the acceleration/deceleration impact hazard
assessment of ground combat vehicles and establishment of impact test criteria and
methodology for the new combat vehicle rewman protective helmet is complete and re-
ported in USAARL LR-80-8-3-5. A draft test plan for the assessment of the medical ha-
zards and operational constraints associated with the use of NBC protective clothing
has been written. Clothing has been procured and an in-flight physiological monitoring
system has been ordered. Tri-service and Tri-nation (US, Canada, UK) coordination has
occurred. Modifications of objectives and approach reflect changes in assignment of
investigative personnel.
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23. (U) To identify, assess, and prevent unnecessary health hazards associated with the
flight environment and to obtain a biomedical data base on the human function associated
with the use of aircraft oxygen enrichment breathing systems in the flight environment.
To provide the Army data, information, recommendations and criteria to aid in the devel-
opment and deployment of life support systems to alleviate identified health hazards.

24. (U) The approach will consist of a biomedical evaluation of state-of-the-art oxygen
enrichment breathing systems during aircraft ground and flight conditions. The evalua-
tion will include the sampling of the environmental air input to the system as well as
the system output enriched air. The samples will be analyzed to determine the systems'
ability to effectively filter contaminants known to exist in the operational environment
Physiological data, heart rate, oxygen tension and respiratory functions as well as sys-
tem parameters, oxygen concentration, flow rates, temperatures and pressures will be col.
lected during ground operations and aircraft flight at altitude to assess the ability of
the system to provide aviators the required oxygen concentration and purity during vari-
ous flight profiles. The data collected will be evaluated with respect to biomedical,
safety, and man/machine limitations.

25. (U) 7910-8009. The test plan for the biomedical evaluation of two state-of-the-art
molecular sieve oxygen generating systems has received human use approval. Initial alti-
tude chamber tests are complete and a report is in preparation. Steady state flight
tests await recalibration of an IR Spectrophotometer. Flights to calibrate and validate
the data acquisition system in the air continue to occur. Early results have been re-
ported in Letter Report 80-10-3-6 and at the Aerospace Medical Association Annual Meetin
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23. (U) To provide a technological data base concerning the physiological and binnd-
ical aspects of the evaluation and injury correlation of life support equipment,
identification of hazard protection problems associated with lifo support <cuipment and
to provide conceptual design recommendations and criteria for the improvement of life
support equipment. Data derived from the retrieval and analysis of life support equip-
ment is utilized to identify conditions under which individual iems of life support
equipment fail to provide protection from injury. Such information is necessary to pro-
vide the basis for recommending changes in medical design criteria. The goal of this
program is to reduce the number and severity of injuries in aviation mishaps through the
acquisition of better life support equipment.
24. (U) Army aviation life n;upport equipment involved in either injury causation or
prevention, in the field, are sent to U'SAARL for biomedical and injury correlati.n
evaluation. This evaluation assesses the effectiveness/deficiencies o! the life support
equipment through an analysis of the physical condition of the protective devices,
human injury incurred and the related human dynamics involved in the accident.
analysis is accomplished by the application of epidemiologic methods incorporating medi-
cally related engineering failure mode analysis, accident investigative proc-davLo.
forensic pathology, mathematical modeling and applied hioengineering research techniques
25. (u) 7909-8009. A report summarizing helmet damage and resulting injuries is being
written. This report will provide supporting rationale ftor prOPosed requirements for

future flight helmets. In accordance with the letters of agreement conceriling life sup-
port equipment evaluation, we evaluated 2 helmets from the Air torce and 3 helmets from
'he Navy. Evaluation letter reports on helmet prformcn,e were provided to appropriate
.ir Force and Navy personnel. This 1498 submission represents a chan~c in project title
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